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SUMMARY 


Milk  deliveries  of  194  producers  during  one  month  were  analyzed  to 
ascertain  how  closely  the  tests  of  composite  samples,  or  of  specified 
numbers  of  random  fresh  samples,  approached  each  producer's  true  average 
butterfat  percentage  for  the  month.  Dairy  plant  operators  and  officials 
of  cooperatives  and  governmental  agencies  need  such  information  for  com- 
paring and  choosing  among  various  routines  for  the  sampling  and  butterfat 
testing  of  milk  delivered  by  patrons  of  dairy  plants. 

It  was  found  that  the  butterfat  percentages  of  about  2  daily  sam- 
ples in  3  fell  within  0.196  (one  standard  deviation)  of  the  producer's 
monthly  average.  Outside  temperature  on  the  day  preceding  the  taking  of 
the  sample,  day  of  the  week,  and  week  of  the  month  were  related  to  the 
butterfat  percentage,  but  the  relation  was  not  sufficiently  strong  to  be 
of  practical  importance.  More  frequent  sampling  of  milk  from  some  pro- 
ducers would  increase  the  overall  accuracy  of  fresh-sample  testing  appre- 
ciably. The  additional  samples  could  be  taken  from  deliveries  from  *=™il 
herds,  high-testing  herds,  or  herds  having  large  day-to-day  variations  in 
quantities  delivered. 

Suggestions  are  made  for  statistical  methods  to  determine  whether 
a  testing  program  is  properly  conducted.  Such  methods  used  as  a  sup- 
plement to  a  moderately  intensive  check-testing  program  could  reduce 
testing  costs  and  permit  more  careful  supervision  of  testing  at  those 
plants  at  which  the  estimates  of  producers'  butterfat  percentages  are 
found  to  be  least  accurate. 

Composite  samples  gave  lower  monthly  average  butterfat  percentages 
than  samples  of  fresh  milk  tested  daily.  The  monthly  average  percentages 
of  butterfat  from  composites  tested  every  10th  day  were  lower  than  the 
weighted  averages  of  daily  tests  by  0.04,  the  standard  deviation  of  the 
differences  for  individual  producers  being  0,045.  Composites  tested 
every  15th  day  gave  an  average  percentage  lower  by  0.06,  with  a  standard 
deviation  of  the  individual  differences  of  0.053. 

Although  tests  from  composite  samples  averaged  low,  they  were  con- 
sistent. About  two-thirds  of  the  butterfat  percentages  from  10-day  com- 
posite samples  could  be  expected  to  fall  within  -0.084  and  +0.006  of  the 
true  test,  a  range  of  0.090.  It  required  about  12  daily  samples  to  give 
average  tests  of  which  two-thirds  lay  within  this  narrow  a  range.  Fifteen- 
day  composites  were  equivalent  to  10  daily  samples  on  this  basis. 

With  as  few  as  5  daily  samples  a  month,  about  96  producers  in  100 
in  any  month  would  receive  a  test  as  high  or  higher  than  with  10-day 
composite  samples.  Three  fresh  samples  would  be  equivalent  to  15-day 


composites  on  the  basis  of  equal  or  greater  advantage  to  about  96  pro- 
ducers in  100. 

Simple  averages  of  the  daily  butterfat  percentages  were  nearly 
identical  with  weighted  averages,  differing  by  less  than  0.005  in  129  of 
194  cases. 

As  the  data  on  which  this  study  is  based  are  only  from  one  month 
and  from  one  plant,  the  conclusions  may  differ  from  those  found  by 
similar  studies  in  other  seasons  and  at  other  plants. 
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SAMPLING  ROUTINES  AND  THE  ACCURACY  OF  PATRONS'  BUTTERFAT  TESTS 


By  Louis  F.  Herrmann,  W.  G.  Bryan,  and  Elsie  Anderson 
Agricultural  Marketing  Service 
Market  Organization  and  Costs  Branch 


INTRODUCTION 

The  taking  of  a  sample  that  will  accurately  represent  the  butter- 
fat  content  of  the  milk  in  a  single  day's  delivery  by  one  producer  is  a 
problem  to  which  much  consideration  has  been  given  &0,  1£,  18)  l/.  Yet, 
even  if  each  day's  delivery  is  sampled  satisfactorily,  there  remains  the 
problem  of  accurately  representing  all  the  milk  delivered  during  a  month 
in  order  to  establish  a  basis  of  payment  which  will  be  equally  fair  to 
plants  and  their  patrons. 

Fresh  samples  tested  daily  may  be  considered  the  ideal  measure  of 
the  butt  erf  at  in  a  month's  deliveries.  The  "true"  average  percentage  for 
the  month  would  be  the  average  of  daily  percentages  weighted  by  the 
quantity  of  milk  delivered  daily.  But  less  costly  sampling  and  testing 
routines  are  needed. 

A  common  alternative  is  to  sample  each  producer's  delivery  daily, 
combining  daily  samples  into  10-  to  15-day  composites.  This  requires  only 
2  or  3  tests  a  month,  but  a  sampler  must  be  present  each  day  when  the  milk 
is  received. 

It  has  been  demonstrated  that  composite  samples  give  lower  butter- 
fat  percentages  than  do  fresh  samples.  The  differences  are  small  and 
composite  samples  are  considered  acceptable  if  properly  preserved.  Some 
published  results  of  studies  of  butterfat  percentages  found  in  composite 
samples  are  shown  in  table  1.  Wilster  and  Robichaux  (12)  reported  that 
the  average  difference  in  60  comparisons  was  not  statistically  significant; 
but  in  view  of  the  general  agreement  among  the  different  studies  there  can 
be  little  doubt  that  in  a  larger  number  of  comparisons  the  differences 
would  be  found  to  be  significant. 

While  the  average  of  butterfat  percentages  of  a  large  number  of 
composite  samples  will  be  lower  than  the  average  of  the  fresh  samples,  it 
is  important  to  know  the  proportion  of  composite  samples  that  will  have 
the  lower  percentage.  Composites  were  found  to  be  lower  in  78  percent  of 
290  comparisons  by  Monroe  (12)  and  in  60  percent  of  153  comparisons  by 
Meade  and  Leckie  (H).  It  would  be  helpful,  too,  to  know  the  proportion 
of  the  butterfat  percentages  of  composite  samples  that  differ  by  less  than 
stated  amounts  from  the  average  of  daily  fresh  samples,  say,  within  0.1 
or  0.2,  but  none  of  the  reports  reviewed  gave  such  data. 

1/  Underscored  numbers  in  parentheses  indicate  references  to 
Literature  Cited,  p. ]6. 
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Table  l.~ Butterfat  percentages  determined  from  composite  samples 
compared  with  averages  of  daily  tests  as  reported  by- 
various  investigators 


Number     s 

Butterfat  uercentases 

1 

sDays  ins 

Average  ! 

[Average  of 

: Differences 

Source 

Com- 

s  com-  s 

of  com- 

:daily fresh 

s Composite 

Pari80nB.noBite  : 

posites  _ 

tests 

5  -  dai^I 

Campbell  &)            : 

100 

15   i 

3.86 

3.89 

-0.03 

99 

15   i 

3.74 

3.75 

-0.01 

England  and  D»Ambrogi  Q)  i 

15   i 

15   i 

1/4.28 
2/4.19 

4.36 
4.36 

-0.08 
-0.17 

Harrington  (5)           • 

20 

7   j 

2/3.96 

3.91 

+0.05 

20 

7    ! 

1/  3.93 

3.91 

+0.02 

Hunziker  (£) 

350 

14   : 

1/4.87 

4.90 

-0.03 

c 

350 

H    ! 

.  U  4.86 

4.90 

-0.04 

Judkins  (2)             J 

48 

15   : 

i  1/4.06 

4.00 

♦0.06 

48 

15    ! 

:  U  4.03 

4.00 

+0.03 

Kent  (3)                s 

:   52 

13 

i  1/  3.95 

4.01 

-0.06 

:   52 

13   : 

:  4/4.00 

4.01 

-0.01 

Lucas  (2)               i 

i  231 

15 

■M 

- 

-0.11 

Meade  and  Leckie  (H)      J 

s  153 

10 

!    4.10 

5/4.19 

-0.09 

Monroe  (12)             J 
Potts  6/ 

:  290 

7 

5.13 

5.22 

-0.09 

:   60 

7 

:  1/  4.35 

4.39 

-0.04 

60 

7 

i  U  4.36 

4.39 

-0.03 

!   60 

7 

s  2/  4.38 

4.39 

-0.01 

60 

14 

s  1/4.04 

4.13 

-0.09 

60 

14 

:  4/  4.00 

4.13 

-0.13 

:   60 

14 

:  2/4.04 

4.13 

-0.09 

Tracy  and  Tuckey  &6) 

:  348 

7 

4.64 

4.70 

-0.06 

s  343 

7 

s   4.71 

4.74 

-0.03 

:  100 

7 

s   4.13 

4.15 

-0.02 

s   50 

7 

s   4.07 

4.10 

-0.03 

Wilster  and  Robichaux  (12) 

«   60 

5 

j   4.75 

4.77 

-0.02 

j   60 

7 

:   4.51 

4.53 

-0.02 

s   60 

15 

%        4.52 

4.55 

-0.03 

1/  Samples  held  at  45°  and  65°  F. 
2/  Samples  held  at  800  and  100°  F. 
2/  Composite  of  equal  daily  parts. 
(J  Composite  of  aliquot  daily  parts. 
5/  Average  of  three  fresh  samples  during  the  month. 

6/  Data  from  an  unpublished  M.  S,  thesis,  Cornell  University,  as  cited 
by  Judkins  (2). 
2/  Samples  taken  with  McKay  sampler. 
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An  alternative  to  composite  sampling  is  to  sample  deliveries  on  one 
or  more  days,  test  the  samples  individually,  and  consider  the  average  to 
be  representative  of  the  month's  deliveries.  This  does  not  require  as 
much  labor  for  sampling  and  testing,  but  the  resulting  average  percentages 
differ  more  or  less  from  the  true  average.  The  differences  are  mainly 
random;  they  are  distributed  equally  above  and  below  the  true  average. 
However,  there  may  be  systematic  differences  or  biases.  For  example,  sam- 
ples taken  on  the  same  day  of  the  week  throughout  the  month  might  give 
consistently  low  or  high  tests. 

Several  investigators  have  found  that  tests  of  fresh  samples  taken 
on  3  or  more  days  throughout  a  month  will  be  closer  to  the  average  of 
daily  tests  than  will  a  composite  (2,  6,  2>  2>  12).  Teal  &f>)  found  that 
annual  butterfat  receipts  computed  from  tests  of  5  fresh  samples  monthly 
for  each  producer  at  milk-receiving  stations,  compared  closely  with  the 
butterfat  determined  by  tests  of  samples  taken  from  the  tankloads  shipped 
out.  Erdmann  (4)  concluded  that  butterfat  tests  based  on  random  samples 
of  fresh  milk  stratified  as  to  week  of  the  month,  were  valid  for  verifying 
the  milk  tests  of  handlers.  Despite  these  results,  there  has  been  much 
distrust  of  the  use  of  fresh-milk  samples  as  a  basis  for  payment.  In  some 
States  only  tests  of  composite  samples  are  a  legal  basis  for  paying  pro- 
ducers. This  distrust  is  due  partly  to  the  risk  of  manipulation  by  pro- 
ducers, but  it  is  also  due  partly  to  the  fact  that  experimental  results 
have  not  been  presented  in  forms  most  appropriate  for  judging  their  use- 
fulness. 

The  object  of  the  study  reported  here  was  to  estimate  how  closely  an 
individual  producer's  monthly  weighted  average  butterfat  percentage  is  rep- 
resented by  tests  of  10-  and  15-day  composite  samples  or  by  samples  taken 
and  tested  on  one  or  more  days  during  the  month.  This  information  would 
help  to  reconcile  the  conflict  between  cost  of  sampling  and  testing  and  the 
desire  for  less  variable  results. 

Samples  were  taken  daily  from  the  milk  of  194-  producers  delivering 
to  one  plant  in  St.  Louis,  Mo.,  during  April  194&.  The  data  were  analyzed 
statistically,  both  by  simple  tabulation  and  by  methods  which  made  it 
possible  to  measure  more  precisely  the  effect  of  the  different  factors 
that  caused  variations  in  the  daily  tests.  Most  of  the  analyses  were 
carried  out  with  data  for  192  of  the  producers,  and  for  28  days  of  the 
month,  in  order  to  permit  dividing  the  producers  into  6  and  8  groups  of 
equal  size,  and  the  days  into  U  weeks.  2/ 


2/  For  details  of  the  sampling  and  testing  procedure  and  the 
methods  of  statistical  analysis,  see  appendix,  pp.  18-23. 
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RESULTS 

Variability  of  Daily  Tests 

The  daily  tests  of  individual  producers  differed  from  the  weighted 
averages  of  28  days1  tests  according  to  the  pattern  shown  in  figure  1. 
About  three-fourths  of  the  differences  were  between  -0.2  and  +0.2.  An 
analysis  of  variance  of  the  daily  tests  revealed  that  for  the  average  pro- 
ducer 2  in  3  daily  tests  fell  within  -0.196  and  +0.196  of  the  simple  aver- 
age of  28  tests.  This  leads  to  the  expectation  that  when  a  producer's 
milk  is  tested  on  one  day  during  a  month  the  chances  are  2  in  3  that  the 
result  will  be  within  0.192  of  the  simple  average  fat  percentage  of  tests 
made  on  each  day  of  the  month. 

This  result  contains  enough  information  to  permit  determination  of 
the  precision  with  which  a  producer's  monthly  average  test  can  be  estimated 
from  the  average  of  tests  on  2,  3,  4,  or  more  days  selected  at  random 
during  the  month.  This  makes  it  possible  to  ascertain  how  many  daily  tests 
are  necessary  in  order  to  obtain  average  butt  erf  at  percentages,  a  specified 
proportion  of  which  will  fall  within  given  limits  of  the  true  averages. 
For  example,  U  daily  tests  a  month  can  be  expected  to  yield  average  butter- 
fat  percentages,  19  in  20  of  which  will  fall  within  0.2  of  the  true  fat 
percentages.  The  limits  for  agreement  on  2  in  3,  19  in  20,  and  99  in  100 
averages  of  various  numbers  of  daily  tests  are  given  in  table  2.  2l/ 

In  table  2,  the  limits  within  which  2  in  3  averages  may  be  expected 
to  vary  from  the  true  monthly  average  are  shown  as  "found"  and  as  "calcu- 
lated." The  found  limits  were  based  on  the  tests  of  selected  days — those 
of  the  15th  and  30th  for  the  average  of  2  tests,  the  10th,  20th,  and  30th 
for  3,  and  so  on.  The  method  used  for  measuring  the  found  variability  is 
simple,  but  it  uses  only  part  of  the  information  gathered  in  the  study. 
The  calculated  limits,  which  are  based  on  all  the  data,  indicate  more  re- 
liably the  limits  that  would  be  found  in  repeated  studies. 

For  specified  numbers  of  fresh  samples  the  variations  of  the  aver- 
age tests  about  each  producer's  true  average  test  are  indicated  in 
table  2.  The  differences  found  fluctuated  around  zero.  The  average 
differences  in  butterfat  percentages  were  as  follows: 


3/  The  equation  for  the  standard  "error  of  the  average  (mean)  of 
two  or  more  tests  is  ^M  =  °~"  /  (N-n)/(nN),  where  ^M  is  the  standard  error 
of  the  mean,  c~the  standard  deviation  of  individual  tests,  N  the  number 
of  days  in  the  month,  and  n  the  number  of  daily  tests  averaged. 
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Number  of  daily 

Average  difference   (found 

■  tests 

minus  true) 

flwriwn* 

2 

0.012 

3 

0.008 

4 

0.005 

5 

-0.020 

6 

-0.006 

7 

-0.020 

10 

0.000 

15 

-0.002 

The  differences  were  statistically  significantly  different  from  zero 
only  for  5  and  7  daily  tests. 


Table  2.— Expected  variation  of  the  average  butterfat  percentages 
of  specified  numbers  of  random  daily  tests  from  the 
true  monthly  average 


Number  of 

\             Limits  of  expected  variation  from  tru< 

3  average 

daily 

:           2  in  3 

averages           : 

19  in           : 
20  averages     : 

99  in 

tests 

;     Fpund  1/ 

:  Calculated   : 

100  averages 

5     Percent 

Percent 

J>er<?ent 

Bsroeqt 

1 

.           — 

0.192 

0.376 

0.A95 

2 

i       0.119 

0.134 

0.263 

0.346 

3 

i       0.095 

0.107 

0.210 

0.276 

4 

;       0.087 

0.091 

0.178 

0.235 

5 

i       0.077 

0.080 

0.157 

0.206 

6 

i       0.058 

0.071 

0.139 

0.183 

7 

i       0.055 

0.065 

0.127 

0.168 

8                  ! 

- 

0.059 

0.116 

0.152 

9                   ! 

\           - 

0.055 

0.108 

0.142 

10             s 

;       0.046 

0.051 

0.100 

0.132 

11             : 

:           - 

0.047 

0.092 

0.121 

12             \ 

!            - 

0.044 

0.086 

0.114 

13             \ 

: 

0.041 

0.080 

0.106 

14            j 

- 

0.038 

0.074 

0.098 

15            j 

0.032 

0.036 

0.071 

0.093 

1/The  "found"  variation  was  based  on  the  average  of  the  tests  on  the 
15th  and  30th  for  2  tests  a  month,  the  10th,  20th,  and  30th  for  3 
tests,  etc. 
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Factors  That  Affect  Variability  of  Tests 

The  variations  shown  in  table  2  are  what  may  be  expected  if  samples 
are  taken  at  random  during  the  month,  and  if  each  producer  fs  deliveries 
show  the  same  pattern  of  variation  in  percentages  of  fat  from  day  to  day. 
But  it  is  possible  that  the  day-to-day  variations  in  butterfat  tests 
differ  (l)  between  large  and  small  herds,  (2)  between  herds  with  a  high 
average  butterfat  percentage  and  herds  with  a  low  butterfat  average,  or 
(3)  between  herds  with  large  day-to-day  variations  in  the  quantity  of  milk 
delivered  and  herds  with  small  daily  variations  in  milk  deliveries.  Or, 
it  may  happen  that  (l)  tests  on  a  given  day  of  the  week  tend  to  be  high  or 
low,  (2)  tests  in  one  week  average  higher  than  tests  in  another,  or  (3) 
the  temperature  may  influence  the  test. 

If  such  factors  are  important  causes  of  variation  in  fat  tests, 
and  if  their  effects  could  be  allowed  for  in  the  kind  of  sampling  routine 
to  be  followed,  or  in  an  adjustment  to  the  test,  test  averages  would  be 
more  accurate. 

In  the  study  reported  here  it  was  found  that  three  of  the  factors 
listed  above  ranked  in  the  following  order,  according  to  the  degree  of 
their  relationship  to  the  variance  of  butterfat  tests: 

Temperature 
Day  of  week 
Week  of  the  month 

For  each  of  4  temperature  groups,  producers'  average  butterfat 
percentages  were  as  follows: 

Temperature  Average 

group  butterfat  test 

Degrees  F.  Percent 

69-76  3.  A3 

61-68  3.46 

51-60  3.49 

44-50  3.49 

General  average  3.468 

The  differences  among  the  average  tests  for  the  different  temperature  groups 
were  statistically  significant  at  the  1-percent  level  or  higher. 

Producers1  butterfat  tests  averaged  for  each  day  of  the  week  were 
as  follows: 
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Day  of 

Average 

week 

butter fat  test 

Percent 

Sunday 

3.45 

Monday 

3.44 

Tuesday 

3.47 

Wednesday 

3.47 

Thursday 

3.49 

Friday 

3.49 

Saturday 

3.47 

General  average 

3.468 

The  percentages  for  Sunday  and  Monday  were  significantly  lower  than  those 
for  the  other  days  of  the  week. 

As  related  to  week  of  the  month  producers'  butterfat  percentages 
were  as  follows: 


Week  of 
ith 


1 
2 

3 
4 
General  average 


Average 
butterfat  test 
Percent 

3.46 
3.49 
3.47 
3.45 
3.468 


The  differences  among  the  4  weekly  averages  were  statistically  significant 
at  the  1-percent  level,  but  not  when  allowance  was  made  for  the  variation 
traceable  to  temperature  on  the  day  preceding  that  of  the  test. 

Making  allowance  for  the  variation  in  fat  percentages  traceable  to 
temperature  groups  would  reduce  the  within-producer  standard  deviation  by 
0*0018.  That  is,  with  adjustment  for  temperature,  two-thirds  of  all  daily 
tests  would  fall  within  0.1939  of  the  producers1  monthly  average  fat  per- 
centages, as  compared  with  a  limit  of  0.1957  for  unadjusted  data  (appen- 
dix table  6).  Adjustments  for  day  of  the  week  on  which  the  sample  was 
taken,  and  for  week  of  the  month  would  have  less  than  one-third  the  effect 
of  temperature,  reducing  the  within-producer  standard  deviation  by  0.0005. 
Furthermore,  it  was  found  that  when  differences  in  temperature  were  ac- 
counted for,  the  remaining  week-to-week  changes  in  butterfat  percentages 
were  not  statistically  significant. 

An  allowance  for  temperature  would  reduce  the  variability  of  butter- 
fat tests  by  0.0018.  But  by  increasing  the  number  of  samples  per  month  to 
5  instead  of  4>  the  variability  is  reduced  by  0.011,  or  about  6  times  as 
much. 


There  are  some  categories  of  producers  whose  butterfat  tests  are 
a  great  deal  more  variable  than  others.  The  accuracy  of  tests  in  these 
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categories  would  be  increased  appreciably  by  taking  1  or  2  more  samples 
per  month.  When  producers  were  grouped  on  the  basis  of  total  pounds  of 
milk  delivered  during  the  month,  it  was  found  that  3  samples  per  month  for 
producers  who  delivered  11,700  pounds  or  more  gave  results  with  as  little 
variation  as  4  tests  for  the  average  producer  (table  3).  But  producers 
who  delivered  less  than  11,700  pounds  for  the  month  required  5  samples  to 
come  within  the  limits  of  variability  of  4  tests  for  the  average  producer. 

When  producers  were  classified  according  to  average  butterfat 
test  for  the  month,  4  tests  gave  average  variability  for  producers  aver- 
aging up  to  3.50  percent  butterfat,  and  5  tests  were  needed  for  producers 
averaging  more  than  3.50  percent. 

Quantities  of  milk  delivered  by  some  producers  fluctuated  very 
little  from  day  to  day,  while  deliveries  of  others  were  more  variable. 
Three  samples  gave  average  variability  of  butterfat  tests  for  producers 
whose  coefficient  of  variability  of  milk  deliveries  was  less  than  7.70 
percent;  from  7.70  and  up  it  required  5  samples. 


Table  3. — Expected  variation  of  the  mean  of  specified  numbers  of 
daily  tests  from  the  true  monthly  average;  producers 
grouped  by  size,  average  butterfat  test,  and  varia- 
bility of  milk  deliveries 


!         Limits 

of  expected  differences  from  true  average  in 

2  of 

2  W5&0,Si 

producers  erour>ed 

according 

to  - 

Number 

:  Average 

butter- 

:       Variability  of 

or  tests 

Size  4/ 

:     fat  test  2/ 

:  milk  deliveries  3/ 

i       SflftU 

Lar^e 

t       Low 

Hirfi 

2       3v$n, 

Uneven 

2 

:       0.140 

0.112 

0.123 

0.149 

0.115 

0.150 

3 

:       0.112 

0.090 

0.099 

0.120 

0.092 

0.120 

A            i 

:       0.095 

0.077 

0.084 

0.102 

0.078 

0.102 

5              i 

:        0.084 

0.067 

0.074 

0.089 

0.069 

0.090 

6 

:       0.075 

0.060 

0.066 

0.080 

0.061 

0.080 

7                   ! 

< 

:       0.068 

> 

0.054 

0.060 

0.072 

0.056 

0.073 

1/  Size  measured  in  pounds  of  milk  delivered  during  the  month:  Small 
producers  delivering  less  than  11,700  pounds;  large  producers  delivering 
more  than  11,700  pounds. 

2/  Low  butterfat  tests  were  monthly  average  tests  of  3.5  percent  or 
less;  high  tests  were  more  than  3.5  percent. 

2/  Even  producers  had  a  coefficient  of  variation  of  daily  quantities 
of  milk  delivered  of  7.70  percent  and  under;  uneven  producers,  more  than 
7.70  percent. 


With  smaller  groupings  of  producers,  differences  in  the  number  of 
samples  required  for  average  accuracy  were  even  greater  than  shown  in 
table  3.  Six  samples  would  be  needed  for  producers  testing  more  than 
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3.76  percent  butt  erf  at.  Only  3  would  be  needed  for  producers  whose 
butterfat  tests  averaged  less  than  3.34-  percent,  or  whose  daily  deliveries 
had  a  coefficient  of  variation  of  less  than  6.12. 

Variability  of  deliveries  tended  to  be  greater  in  small  than  in 
large  herds.   It  was  not  possible  with  the  data  available  to  learn  the 
relative  advantage  of  more  frequent  sampling  of  milk  delivered  by  small 
producers  over  that  of  more  frequent  sampling  of  milk  from  producers 
whose  deliveries  fluctuated  considerably  from  day  to  day. 


Compromising  Plant  Tests  and  Check  Tests 

The  results  of  this  study  may  also  be  considered  from  the  standpoint 
of  rules  for  compromising  differences  between  tests  made  by  the  plant 
operator  and  check  tests .  A  common  rule  is  to  compare  the  check  test  and 
the  plant  test  for  each  producer,  and  to  use  the  check  test  rather  than 
the  plant  test  when  the  two  average  fat  percentages  differ  by  0.2  or 
more.  Suppose  that  the  check  test  is  based  on  U  fresh  tests,  and  the 
plant  test  is  based,  on  a  fresh  test  each  day.  In  this  case,  it  is  to 
be  expected  that  1  in  36  check  tests  will  be  less  accurate  than  the  plant 
test.  Thus,  there  is  no  statistical  basis  for  concluding  that  there  has 
been  any  misrepresentation  in  the.  plant  tests  if  no  more  than  1  in  36 
pairs  of  average  tests  differs  by  more  than  0.2. 

If  the  plant  test  is  also  based  on  U  daily  tests,  differences 
between  the  two  average  fat  percentages  of  0.2  or  more  would  occur  with 
greater  frequency — about  1  in  8  tests.  But  the  average  of  2  such  4-day 
averages  would  be  highly  accurate,  and  random  differences  of  0.2  or  more 
from  the  true  monthly  average  would  occur  on  the  average  no  more  than  once 
in  1,700  tests  (provided  each  of  the  8  tests  had  been  made  on  a  different 
day).  Thus,  it  would  be  valid  to  follow  the  practice  of  averaging  plant 
and  check  tests  to  get  the  basis  of  payment  in  such  a  case.  But  averaging 
is  recommended  only  when  the  frequency  of  differences  of  a  given  size  is 
in  reasonable  agreement  with  the  frequency  to  be  expected  by  chance. 

A  predictable  proportion  of  differences  exceeding  any  given  limit— 
say,  differences  greater  than  0.2— could  arise  by  chance  between  any  two 
series  of  tests  conducted  with  scrupulous  regard  for  accuracy.  This 
affords  some  basis  for  determining  whether  systematic  errors  are  being 
made  in  a  series  of  tests.  If  such  errors  are  being  made,  they  would 
show  up  as  an  excessive  proportion  of  averages  exceeding  specified  dif- 
ferences. For  example,  differences  of  more  than  0.2  occurring  in  more 
than  1  in  8  tests  would  indicate  a  bias  in  the  plant  tests,  the  check 
tests,  or  both,  if  both  are  based  on  4  fresh  samples. 

Such  a  measure  of  bias  is  more  precise  if  producers  axe  grouped  by 
size,  the  frequency  of  "outside"  differences  being  tabulated  separately 
for  small  and  large  producers.  As  shown  above,  when  small  and  large  pro- 
ducers are  sampled  the  same  number  of  times,  the  results  of  two  sets  of 
samples  from  large  producers  will  agree  more  closely  than  will  results 
from  small  producers. 
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Expected  percentage  distributions  of  differences  between  two 
series  of  averages  are  shown  in  table  4.  It  is  unlikely  that  any  series 
of  tests  would  correspond  exactly  to  the  distributions  shown  in  this 
table,  but  the  agreement  can  be  tested  by  the  X^  (chi-square)  test. 

It  might  be  desirable  to  survey  the  testing  program  at  each  milk 
plant  periodically  by  the  method  described  above  to  determine  whether 
any  bias  is  present.  If  a  bias  is  shown  to  be  present,  steps  can  be 
taken  to  improve  the  sampling  and  testing  methods;  the  number  of  fresh 
samples  tested  for  each  producer  can  be  increased,  or  the  rules  for 
compromising  differences  can  be  made  more  rigorous. 


Table  4. — Proportion  of  differences  of  specified  sizes  to  be  expected 
when  comparing  two  series  of  butterfat  averages,  each  based 
on  four  fresh  tests,  for  various  groups  of  producers 


!   All 
5 producers. 

Producers  grouped  according  to 

Size  of 
difference  j 

Siz 

9  1/ 

:Average  butter- 
:  fat  test  2/ 
:  Low    High 

• :  Varia 
:milk  de 
:  Even 

bility  of 
liveries  3/ 

f  M.I 

large 

Uneven 

Percent  of  \ 

:  Percent  : 

{Percent 

Percent  Percent  Percent  Percent 

Percent 

butterfat   : 

0.00  -  0.05   : 
0.06  -  0.10 
0.11  -  0.15   i 
0.16  -  0.20 
0.21  -  0.25 
0.26  -  0.30 
0.31  and  over  \ 

i    30 

!     26    ! 

:    19 
:    13 
!     7 
!      3 
!     2 

!   29 
\      25 
!   19 
i   13 
!    7 
!     4 

:    3 

35 
29 
19 
10 

4 
2 
1 

33 

27 

19 

12 

6 

2 

1 

28 

24 

19 

13 

8 

4 

4 

35 
28 
19 
10 

5 
2 

1 

27 

24 

19 

13 

8 

5 

4 

Total 

:   100 

\     100 

100 

100 

100 

100 

100 

\l  Size  measured  in  pounds  of  milk  delivered  during  the  month:  Snail 
producers  delivering  less  than  11,700  pounds;  large  producers  delivering 
LI, 700  pounds  or  more. 

2/  Low  testing  producers  delivered  milk  averaging  3.5  percent  butterfat 
or  less;  high  testing  producers  delivered  milk  averaging  more  than  3.5 
percent  butterfat. 

2/  Variability  measured  by  the  coefficient  of  variation:  Even  producers 
having  a  coefficient  of  variation  of  7.70  percent  and  under;  uneven  pro- 
ducers more  than  7.70  percent. 


Composite  Samples 

Composite  samples  of  10  days'  deliveries  were  taken  for  96  pro- 
ducers and  the  average  of  the  tests  of  the  3  composites  for  the  month  were 
compared  with  the  weighted  average  of  daily  tests.  The  average  difference 
was  -0.039.  The  standard  deviation  of  the  individual  differences  was 
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0.045,  from  which  it  can  be  calculated  that  approximately  80  percent  of 
the  composite  tests  would  be  lower  than  the  daily  tests.  Actually,  for 
78  of  the  96  producers,  or  81  percent,  the  composite  average  was  the  lower. 
There  were  10  differences  of  0.1  or  more  in  average  fat  percentages. 
Further  details  of  the  distribution  of  the  differences  are  shown  in  table  5 


Table  5. — Frequency  distribution  of  the  differences  from  the  true 
average  (the  weighted  average  of  daily  tests)  of  the 
simple  monthly  averages:  composites  and  daily  tests 


< 
1 

Simple  average  of  tests  of               : 

:     Simple  aver- 

Difference  l/     i 

composite  samples 

:     age  of  30 

,                                              < 

lO-day  composites   :  15-da.v  comDOsites 

:     daily  tests 

• 

« 

1 

Number                          I  lumber               s 

>                                                                              < 

Number 

-0.20               i 

< 
1 

— 

-0.16               ! 

:                     0                                    1                   1 

- 

-0.15               J 

:                   1                                  3                  i 

: 

-0.H               1 

0                                     2 

! 

-0.13               1 

0                        4 

- 

-0.12               : 

3                                   5                  i 

! 

-0.11               ; 

0                                    2                   : 

- 

-0.10                      ! 

5                                    6                   : 

:                  - 

-0.09               s 

:                    1                                    8 

;                    - 

-0.08 

:                    4                                 12                   : 

: 

-0.07 

:                   11                                     4 

:                 - 

-0.06 

12                                   10                   i 

: 

-0.05 

!                    4                                  7 

: 

-0.04 

11                                  6 

!                       - 

-0.03 

:                    4                                   5 

:                  - 

-0.02 

\                  11                                   9                  \ 

3 

-0.01 

\                   10                                     1 

;               25 

0.00 

1                    7                                  4 

:              129 

+0.01 

:                     2                                    1                   : 

:                24 

+0.02 

1                   1                                  3 

:                  9 

+0.03 

1                    2                                   1 

:                  3 

+0.04 

:                     3                                    0 

:                   0 

+0.05 

:                     1                                     2 

:                   1 

+0.06 

:                     1                                     0                   ; 

;                    - 

+0.08 

:                      1                                      1 

;                   - 

+0.17 

:                  -                                      1 

2                   - 

Total 

1                  96,                                 98 

:               19Z. 

1/  Specified  average  minus  weighted  average  of  daily  tests t 


For  the  98  other  producers,  composite  samples  of  15  days1  deliveries 
were  taken.  The  average  difference  in  fat  percentages  between  the  averages 
of  composite  tests  and  those  of  daily  tests  in  this  series  was  -0.060,  and 
the  standard  deviation  of  the  individual  differences  was  0.053.  There 
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were  86  averages  of  composite  tests  (or  88  percent)  lower  than  the  daily 
tests,  compared  with  an  expected  proportion  of  87  percent.  There  were 
24  differences  of  0.1  or  more  (table  5).  These  results  are  in  accord 
with  most  earlier  published  work  so  far  as  comparisons  can  be  made  (table  l), 
For  the  average  producer  the  total  pounds  of  butterfat  for  the  month,  com- 
pared with  the  total  pounds  computed  from  the  true  monthly  average  test, 
were  5.0  pounds  less  when  computed  from  the  average  of  the  15-day  composite 
tests  and  3.3  pounds  less  when  computed  from  the  average  of  the  10-day  com- 
posite tests. 


Comparability  of  Fresh  and  Composite  Samples 

The  two  most  important  statistical  properties  of  results  of  any 
sampling  routine  are:   (l)  The  average  of  sample  means,  and  (2)  the  dis- 
persion or  variability  of  sample  means.  It  was  found  above  that  the  aver- 
ages of  fresh  tests  fluctuated  within  narrow  limits  around  the  true 
monthly  average  tests,  and  that  the  composite  samples  were  biased,  aver- 
aging significantly  less  than  the  true  tests.  The  dispersion  or  varia- 
bility of  composite  samples  was  low — the  variance  of  10-day  composites  was 
about  equal  to  that  of  the  averages  of  12  fresh  samples  (see  the  lower 
part  of  figure  2),  and  the  15-day  composite  was  about  equal  to  10  fresh 
samples. 

Because  of  the  bias  in  tests  of  composite  samples,  a  somewhat 
greater  variability  could  be  tolerated  in  fresh  than  in  composite  samples. 
There  is  no  objective  measure  of  how  much  variability  is  equivalent  to  a 
given  amount  of  bias.  Certain  conditions  can  be  set  up,  and  the  number  of 
fresh  samples  that  will  equal  the  composite  samples  under  these  conditions 
can  be  determined.  For  example,  the  number  of  fresh  tests  that  will  give 
a  weighted  average  of  low  tests  equal  to  the  weighted  average  of  the  low 
composite  tests,  can  be  calculated.  This  condition  is  satisfied  by  5  fresh 
samples  when  compared  with  10-day  composites,  and  by  3  fresh  samples  when 
compared  with  15-day  composites. 

This  comparison  between  5  fresh  samples  and  10-day  composites  is 
shown  in  the  upper  section  of  figure  2.  With  this  number  of  fresh  tests, 
there  may  be  some  objection  to  the  excess  number  of  large  negative  dif- 
ferences (greater  than  about  -0.12)  for  fresh  samples.  For  about  6  pro- 
ducers in  100,  monthly  average  butterfat  percentages  based  on  5  fresh 
samples  could  be  expected  to  be  low  by  more  than  -0.12,  while  only  about 
3  producers  in  100  would  be  expected  to  have  10-day  composites  lower 
than  -0.12. 

A  less  liberal  trade  of  variability  for  bias  would  result  by  taking 
the  number  of  fresh  samples  for  which  one  standard  error  will  include  an 
equal  proportion  of  composite  tests.  On  this  basis,  8  fresh  samples  are 
the  equivalent  of  10-day  composites,  and  5  fresh  samples  are  the  equiva- 
lent of  15-day  composites. 


-  u 


Compared  wi'f/i   10-day  Composite  Sample 

ACCURACY  OF  BUTTERFAT  TESTS 
OF  MILK  SAMPLES 

PRODUCERS 
400 


200 


5   FRESH  SAMPLES 


400 


200 


8  FRESH  SAMPLES 


Standard  error  *^^f*       N  ' 

[7] 
/ 


400 


200 


12  FRESH  SAMPLES 
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Figure  2. — Comparison  of  10-day  composite  samples  and  5,  8,  and  12  fresh 
samples.  The  bars  show  the  expected  distributions  of  differences  from 
true  averages  of  1,000  producers  by  class  interval  of  0.0-0.05,  0.05- 
0.10,  etc.  The  curves  show  the  proportionate  distributions  of  differ- 
ences of  any  given  size  for  an  unlimited  number  of  producers. 
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This  comparison  of  fresh  and  composite  samples  is  illustrated  in 
the  center  section  of  figure  2.  The  limits  of  one  standard  error  for  the 
average  test  of  5  fresh  samples  are  shown.  It  is  apparent  that  the  area 
under  the  composite  curve  within  these  limits  is  about  equal  to  the  area 
under  the  curve  for  fresh  samples.  The  composite  samples  still  give  more 
low  than  high  tests,  but  the  number  of  producers  whose  test  would  be 
below  -0.18  would  be  about  12  in  10,000  for  the  test  based  on  8  fresh 
samples  and  about  9  in  10,000  for  the  test  based  on  10-day  composite 
samples.  This  difference  is  so  small  that  8  fresh  samples  probably  could 
be  considered  to  be  equal  or  superior  to  the  10-day  composite,  from  the 
standpoint  of  dispersion  or  variability. 


Simple  vs.  Weighted  Averages  of  Daily  Tests 

In  the  Introduction  the  true  average  percentage  of  butterfat  in  a 
month's  delivery  of  milk  was  defined  as  the  average  of  daily  percentages 
weighted  by  the  quantity  of  milk  delivered  daily.  A  weighted  average 
might  differ  appreciably  from  a  simple  average  if  there  were  (l)  a  close 
relationship  between  day-to-day  changes  in  quantities  of  milk  delivered 
and  percentages  of  butterfat,  and  (2)  a  substantial  variation  in  daily 
deliveries.   In  order  to  determine  the  importance  of  this  consideration, 
the  simple  average  of  30  daily  butterfat  percentages  was  compared  with 
the  weighted  average  for  each  of  the  194  producers.  The  average  differ- 
ence was  0.0013,  the  simple  average  being  the  higher.  For  129  in  194- 
producers,  or  about  7  in  10,  the  difference  was  less  than  0.005,  or  one- 
twentieth  of  a  "point"  of  butterfat. 


CONCLUSIONS 

Results  of  the  study  show  how  closely  the  monthly  weighted  average 
butterfat  percentages  of  producers  in  this  study  were  represented  by 
averages  of  10-  and  15-day  composite  samples,  and  by  samples  taken  and 
tested  on  any  number  of  days  chosen  at  random  during  the  month.  About  2 
in  3  single  daily  tests  were  within  0.2  of  individual  producers'  monthly 
weighted  average  butterfat  percentage.  The  range  of  variation  was  only 
half  as  great  when  U  daily  tests  were  averaged.  Taking  one  additional 
test  during  the  month  increased  the  accuracy  of  the  results  more  than  did 
allowances  for  temperature  on  the  day  preceding  each  test,  for  day  of  the 
week,  or  for  week  of  the  month.  Tests  of  some  producers  were  more  accu- 
rate than  tests  of  others:  3  samples  gave  results  for  producers  who 
delivered  more  than  11,700  pounds  of  milk  a  month  as  accurate  as  5  sam- 
ples for  producers  who  delivered  less  than  that  amount;  U   samples  of  milk 
testing  under  3.5  percent  were  equivalent  to  5  samples  of  higher  testing 
milk;  and  3  samples  of  deliveries  that  did  not  vary  greatly  from  day  to 
day  were  equivalent  to  5  samples  of  deliveries  that  did  vary  greatly. 

Composite  samples  gave  results  which  averaged  significantly  lower 
than  the  monthly  weighted  average  butterfat  percentages,  the  differences 
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averaging  0.039  for  10-day  composites  and  0.060  for  15-day  composites. 
The  number  of  daily  samples  that  can  be  considered  as  satisfactory  as 
10-day  or  15-day  composites  depends  upon  the  criteria  of  acceptability 
to  plants  and  their  patrons,  but  it  appears  to  lie  between  5  and  12  daily 
samples  in  comparison  with  10-day  composites,  and  between  3  and  10  daily 
samples  in  comparison  with  15-day  composites. 
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APIENDIX 


The  data  collected  for  this  study  are  based  on  samples  taken  daily 
from  milk'  delivered  by  194.  producers  at  a  large  milk  plant  in  St.  Louis. 
All  sampling  and  testing  was  done  under  the  supervision  of  J.  E.  Edmonson, 
Department  of  Dairy  Husbandry,  University  of  Missouri.  Testing  methods 
were  those  set  forth  in  Standard  Methods  for  the  Examination  of  Dairy 
Products.  (J    All  glassware  used  in  testing  was  officially  calibrated. 

Samples  were  taken  from  a  single  compartment  dump  tank  without 
stirring.  This  tank  had  been  checked  as  to  the  accuracy  of  samples  before 
and  after  stirring  the  milk,  and  was  found  to  do  a  satisfactory  job  of 
agitation  during  the  normal  process  of  dumping.  The  tank  was  square, 
with  rounded  corners,  about  2  feet  deep,  and  with  baffles  through  which 
the  milk  fell. 

Samples  of  about  one-half  pint  were  taken  from  each  producer's 
milk.  The  samples  were  taken  in  half  pint  standard  glass  milk  bottles, 
and  immediately  capped  with  a  plain  bottle  cap  on  which  the  producer's 
number  was  written,  The  samples  were  then  taken  to  the  Market  Adminis- 
trator's laboratory.  Composite  samples  were  made  from  the  fresh  milk 
after  thorough  agitation,  and  samples  were  pipetted  for  the  fresh  milk 
tests.  The  composite  samples  were  kept  in  rubber- stoppered  composite 
sample  bottles.  They  were  preserved  with  bichloride  of  mercury  tablets 
and  held  in  a  refrigerator  at  about  48  to  50  degrees  F.  Temperatures  of 
all  samples  were  brought  to  about  70  degrees  F.  by  being  allowed  to  stand 
at  room  temperature  for  a  half  hour  to  an  hour  before  they  were  pipetted. 

As  stated  above,  the  Babcock  test  procedure  specified  by  Standard 
Methods  was  used.  The  centrifuge  was  electrically  driven  and  heated.  Its 
speed  was  checked  and  found  to  be  correct.  The  test  bottles  were  graduated 
by  tenths  of  1  percent  to  8  percent,  and  readings  were  made  to  the  nearest 
tenth  of  1  percent. 

Three  testers  were  employed  during  the  experimental  period.  Two 
of  the  men  did  most  of  the  work,  and  a  third  gave  occasional  assistance. 
The  degree  of  uniformity  among  the  testers  was  excellent.  Each  had  had 
3  to  15  years'  experience  in  testing  for  butterfat.  Mr.  Edmonson  made 
spot  checks  of  their  work  at  different  times  during  the  month.  His  tests 
were  run  separately  after  the  regular  testers  had  completed  their  day's 
work,  and  the  results  compared  very  closely  to  the  original  tests. 

The  environmental  temperature  measurement  which  was  related  to 
each  butterfat  test  was  the  mean  temperature  of  the  day  preceding  the  day 
on  which  the  sample  was  taken,  as  reported  by  the  United  States  Weather 
Bureau  at  St.  Louis. 


ij   Published  by  American  Public  Health  Association,  New  York,  and 
Association  of  Official  Agricultural  Chemists,  Washington,  D.  C,  194-8. 
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For  each  of  the  194-  producers  a  simple  average  of  the  30  daily- 
tests  was  computed  and  also  an  average  weighted  by  the  quantity  of  milk 
delivered  daily  during  the  30  days.  The  differences  between  the  simple 
and  weighted  averages  for  each  producer  were  tabulated  (table  5).      Simple 
averages  of  the  three  10-day  composite  tests  of  each  of  96  producers  and 
for  the  two  15-day  composites  of  each  of  98  producers  were  also  computed. 
The  differences  between  the  averages  of  composite  tests  and  the  weighted 
averages  of  daily  tests  were  also  tabulated  (table  5).  Averages  and 
standard  deviations  were  computed  for  each  distribution  of  differences. 

For  convenience  in  dividing  the  producers  into  6  and  8  groups  of 
equal  size  and  the  time  period  into  4  weeks,  the  tests  on  April  1  and 
April  30  and  those  for  2  producers  selected  at  random  were  omitted  from 
most  of  the  analyses.  For  each  of  192  producers  a  tabulation  was  made  of 
the  differences  between  the  daily  tests  and  the  weighted  average  of  tests 
for  28   days  (fig.  l). 

The  sources  of  variation  in  butt erf  at  tests  and  their  significance 
were  studied  through  the  use  of  analysis  of  variance.  The  total  variation 
was  divided  into  the  portion  that  was  due  to  the  differences  between  each 
producer's  average  and  the  grand  average  for  192  producers  (among  pro- 
ducers) and  the  portion  that  was  due  to  the  differences  between  each  pro- 
ducer's daily  tests  and  his  individual  monthly  average  (within  producers). 
The  variation  within  producers  was  in  turn  further  divided  into  parts 
attributable  to:   (l)  differences  among  average  butterfat  tests  for  days 
grouped  according  to  temperature;  (2)  differences  among  the  weekly  averages; 
(3)  differences  among  averages  for  each  day  of  the  week;  and  (4)  differ- 
ences among  averages  for  each  of  28  days  (table  6), 

The  average  variation  of  each  producer's  daily  tests  about  his 
28-day  average  (wi thin-producer  variance)  was  used  as  the  basis  of  esti- 
mating expected  differences  from  the  true  mean  for  averages  computed  from 
specified  numbers  of  daily  tests  (table  2). 

Average  wi  thin-producer  variances  were  also  computed  and  used  to 
estimate  expected  differences  for  producers  grouped  according  to  size  of 
delivery,  average  butterfat  test,  and  variation  in  milk  deliveries 
(tables  3-4  and  8-10). 

The  several  estimates  of  variances  connected  with  known  sources 
were  compared  with  the  unexplained  random  variations  in  order  to  deter- 
mine the  significance  of  the  explained  variations  (F-tests).  For  some 
of  the  factors  such  as  week  and  day  of  the  week  the  part  of  the  varia- 
bility in  butterfat  tests  that  was  correlated  with  variability  in  envi- 
ronmental temperatures  was  eliminated  by  the  method  of  analysis  of 
covariance.  The  variances  remaining  after  corrections  for  covariance 
were  further  tested  for  significance  (table  7). 
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Table  6. — Analysis  of  variance  of  daily  tests  of  butterfat  in  milk 

delivered  by  producers 


Source  of  variation     : 

:  Degrees  : 

i    Of     ! 

:  freedom  : 

\   Sum  of 
|  squares 

:  Variance  ! 

Standard 
deviation 

Among  producers             i 
Within  producers  (Total) 

i    191  i 
:  5,184  : 

i  546.98 
:  198.43  . 

!  2.8638  i 
i   .0383  i 

I  0.1957 

Among  temperature  groups     i 
Within  producers 
less  temperature         , 

Among  weeks               : 

Within  producers           i 

less  weeks              : 

Among  days  of  week         : 
Within  producers           i 
less  days  of  week 

3  i 
!  5,181  i 

3  I 
i  5,181  ! 
1     6  1 
1  5,178  i 

i   3.38 
:  195.05  i 

1.12  i 
1  197.31 

1.34  : 
':   197.09  .! 

:  1.1267  i 
.0376  i 
.3733  ! 

!   .0381  1 
.2233  ! 
.0381  1 

:  0.1939 

! 

s  0.1952 
!  0.1952 

Among  days                 : 
Residual  (Error)             i 

!    27  i 
s  5,157  : 

6.68 
:  191.75  : 

.2474  ; 
:   .0372  i 

t                                        i 
►,                 < 

:  0.1929 

» 

Total                     i 

s  5,375  i 

:  745.41  ! 

> 

•           am                                * 

! 

Table  7« — Variation  of  average  tests  among  weeks,  corrected  for  the 
regression  of  butterfat  tests  on  environmental  temperature 


Source  of  variation 


Degrees 

of 
freedom 


Reduced 
sum  of 
squares 


Reduced 
variance 


Pi/ 


Among  weeks 

Error 

Error  and  weeks 


3 
3,437 
3,440 


0.17 
108.47 
108.64 


0.0567 
0.0316 


2/  1.79 


1/  F  is  the  ratio  of  the  two  estimates  of  reduced  variance. 
2/  Not  significant. 
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Table  8. — Analysis  of  variance  of  daily  butterfat  tests  of  producers 
grouped  according  to  quantities  of  milk  delivered 


Milk  delivered 

Source  of 
:    variation 

(Degrees' 
:  of 
[freedom! 

!  Sum  of 
!  squares  : 

:  Variance: 

1  Standard 
'deviation 

B?un4s 
1,200-4,799 

;  Among  producers 
i  Within  producers 
:  Total 

i   23  i 
:  648  : 

!   671   ! 

!  159.97  i 
!  30.47  i 
:  190.44  i 

:  6.9552  i 
:  .0470  ! 

!  0.2168 

4,800-6,179     : 

\   Among  producers 

Within  producers 
:  Total 

! 

: 

!    23   ! 

t  648  i 
s  671  i 

! 

.  83.91  i 
:  29.68  : 
s  113.59 

►              < 

> 

!  3.6483  i 
:  .0458  : 

i 

:  0.2140 

6,180-7,249     ! 

i  Among  producers 
t  Within  producers 
i  Total 

I   23  ! 
t  648  s 
:  671  : 

I  35.02  i 
!  27.21  : 
:  62.23 

!  1.5226  : 
!  .0420  • 

I  0.2049 

7,250-8,299     i 

Among  producers 
1  Within  producers 
i  Total 

i   23 

:  648  s 
:  671  i 

t     71.55  i 
:  25.97  j 
s  97.52 

I  3.1109  : 
i  .0401 

!  0.2002 

8,300-9,999     ! 

:  Among  producers 
:  Within  producers 
i  Total 

i   23  i 
:  648  ! 
:  671 

'.    45.99  ! 
s  21.87  ! 
:  67.86  : 

!  1.9996  i 
!  .0338 

t 

l 

\   0.1838 

: 

10,000-11,699   1 

:  Among  producers 
i  Within  producers 
i  Total 

!   23  ! 
:  648  : 

!   671   ! 

1  31.52  i 
:  28.19  i 
!  59.71  i 

!  1.3704 
:  .0435  . 

;  0.2086 

11,700-14,199   j 

!  Among  producers  i 
i  Within  producers  j 

;  Total 

►               < 

i   23  ! 
!  648  i 
!  671  : 

»                   4 
1      1      111* 

i  38.56  i 
:  18.15  i 
.  56.71  i 

! 

:  1.6765  i 
:  .0280  i 

I  0.1673 

14,200-19,882   i 

Among  producers  : 
s  Within  producers  i 
i  Total           : 

'.       23  1 
:  648  i 
!  671  : 

1 

23.38  i 

.  16.89  i 

40.27  s 

• 

1.0165  j 
•0261  i 

0.1616 
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Table  9.— Analysis  of  variance  of  daily  butterfat  tests  of  producers 
grouped  according  to  monthly  average  butterfat  test 


Butterfat  test  j 

Source  of 
variation 

[Degrees! 
:  of   . 
[freedom, 

\   Sum  of  '' 
'  squares 

[Variance 

[Standard 
'deviation 

Percent 
2.60-3.16 

-J 

I  Among  producers  j 
5  Within  producers  \ 
i  Total          j 

!   23  ! 
:  648  : 
:  671  i 

I   6.84  i 
:  25.94  : 
:  32.78 

!  0.297A 
:  0.0400 

i  0.2000 

3.17-3.27    ! 

i 

\   Among  producers 
:  Within  producers 
:  Total 

!   23 
:  648  : 
:  671 

i    .59 
:  18.16 
:  18.75 

!  0.0257 
j  0.0280 

:  0.1673 

3.28-3.34 

:  Among  producers 
;  Within  producers 
:  Total 

23 
:  648  . 
:  671 

1    .32 
:  18.72 
t  19.04 

i  0.0139 
:  0.0288 

r  0.1697 

3.35-3.41 

i   Among  producers 
\   Within  producers 
:  Total 

i   23 
:  648 

:  671 

I    .35 
:  20.53 
:  20.88 

!  0.0152 
i   0.0317 

i   0.1780 

3.42-3.51 

:  Among  producers 
:  Within  producers 
\   Total 

i   23 
:  648 
:  671 

i    .94 
:  22.10 
:  23.04 

:  0.0409 
i   0.0341 

:  0.1847 

3.52-3.61    I 

\   Among  producers 
i  Within  producers  i 
:  Total 

I   23 
:  648 
:  671  : 

i    .87  . 
:  28.83  : 
t  29.70 

:  0.0378 
i  0.0U5 

s  0.2110 

3.62-3.76    i 

:  Among  producers  : 
!  Within  producers  j 
:  Total          : 

'.       23  ! 
:  648  i 
!  671  ( 

1.24  ! 
i  24.80  : 
•  26.04  J 

I  0.0539 
:  0.0383  i 

I  0.1957 

3.77-4.99    i 

t 

1 

Among  producers  s 

:  Within  producers  : 

Total          i 
< 

23  i 
648  s 
671  : 

81.11   ! 

39.35  ! 
120.46  s 

1 

3.5265  1 
0.0607  : 

0.2464 
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Table  10. — Analysis  of  variance  of  daily  butterfat  tests  of  producers 


e 

i_k J.  wjr   v*   i^j 

Coefficient  of 

variation  of 
milk  deliveries 

Source  of 
variation 

{Degrees 
:  of 
ifreedom, 

1  Sum  of 

|  squares 
►  . 

i 

{Variance 

> 
• 

| Standard 
[deviation 

Percent 
2.00-4.59 

i 

i   Among  producers 
;  Within  producers 
:  Total 

i   31  . 
:  864 
:  895 

1  70.34 
:  21.41 
:  91.75 

: 

:  2.2690 
:  .0248 

I  0.1575 

4.60-6.12 

5 

:  Among  producers 
:  Within  producers  : 
:  Total 

t   31 
:  864  • 
:  895 

i  47.89 
t  22.90 
!  70.79 

i  1.5448 
i     .0265 

:  0.1628 

6.13-7.69   I 

:  Among  producers 
!  Within  producers 
!  Total 

I   31 
:  864 

:  895 

i  45.05 
t  28.90 
:  73.95 

i   1.4532 

t  .0334 

!  0.1828 

7.70-10.49  ! 

:  Among  producers  ; 
,  Within  producers  : 
i  Total 

:   31  : 
:  864 
:  895  . 

i     83.89 
:  a.  00 
:  124.89 

:  2.7061 
:  .0475 

t  0.2179 

10.5O-U.19  ! 

i  Among  producers  j 
:  Within  producers  ; 
:  Total 

!   31 
:  864 
:  895 

I  150.15 
:  41.29 
:  191.44  i 

!  4.8435 
:  .0478  : 

:  0.2186 

14.20-38.02  1 

i 

Among  producers   : 
i  Within  producers  i 
:  Total           j 

« 

i   ,    ,        _  i 

I   31  ! 
:  864  s 
•  895  : 

< 

:  119.66  • 

42.93  i 

162.59  i 

:  3.8600  . 
:  .0497  s 

0.2229 
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